Dutch Influenza-Like Illness Cohort
The NIVEL (www.nivel.nl/peilstations) uses a network of general practitioners throughout the Netherlands that covers 0.7%-1% of the Dutch population. It is representative of the entire Dutch population with regard to age, sex, regional distribution, and degree of urbanization. The NIVEL influenza-like illness cohort includes all patients who presented to the general practitioner in sentinel general practices with influenza-like illness, which is defined as an illness with an acute onset (prodromal stage ≤ 4 days), fever (defined as a rectal temperature ≥ 38°C), and ≥ 1 of the following symptoms: cough, nasal catarrh, sore throat, frontal headache, retrosternal pain, or myalgia. The incidence of influenza-like illness per week was calculated by dividing the total number of influenza-like illness consultations per week by the total number of citizens in the corresponding sentinel general practices coverage area. According to our national influenza surveillance program, an influenza epidemic was defined as an incidence of influenza-like illness > 51/100,000 citizens during 2 consecutive weeks, and if nose and throat swabs from these weeks were found to contain influenza viruses (www.nivel.nl/peilstations). We used influenza-like illness consultation data between 1995 and 2010, which were stratified per week according to the International Organization for Standardization 8601 standard (http://www. iso.org).
temperature Data
The ECA collects daily meteorological data from more than 10,000 meteorological stations situated in 62 countries throughout Europe and the Mediterranean. 28 The reliability of the ECA data set has been validated with the nearest meteorological land-grid boxes, with a correlation coefficient of 0.8 for 93% of the daily temperature series.
european Sah incidence Data
We used data on SAH incidence with emphasis on geographical region from a systematic review, which included all population-based studies on SAH incidence published between 1960 and 2005. 9 The methods of literature search, inclusion criteria for studies, and diagnostic criteria for SAH have been described in the original publication. 9 For this study, we included data on SAH incidence from all included population-based studies performed in European countries.
Statistical analysis
In the Dutch SAH cohort, the day of admission was used to stratify the total number of SAH events per week. Influenza epidemics were dichotomized (present or absent) for further statistical analysis. Because the influenza season runs from October to May of the following year, influenza epidemics may cross the calendar year (www. nivel.nl/peilstations). For this reason, a study year was defined from the week of October 1 until the week of October 1 the following year.
First, we performed nationwide analyses with data from the Dutch SAH cohort, influenza-like illness data, and Dutch temperature data. The incidence of SAH during influenza epidemics was compared with the incidence in times without influenza epidemics, by calculating incidence density ratios (IDRs) with corresponding 95% CIs using univariable Poisson regression analyses. In addition, we performed time-window shift analysis up to 8 weeks after the start of the epidemic to investigate if there was a delay between onset of the influenza epidemic and the incidence of SAH (Fig. 1) . Subsequently, we used mean weekly temperatures measured at the weather station of the Royal Netherlands Meteorological Institute in the Bilt, Utrecht, the Netherlands, to calculate the IDR with corresponding 95% CI for SAH per 1°C drop in temperature, using univariable Poisson regression analysis. 28 Then, mean weekly temperature and the presence of influenza epidemics (present or absent) were entered into a multivariable Poisson regression analysis to calculate the IDRs with corresponding 95% CIs for SAH as outcome. All analyses were repeated with adjustment for study year.
Second, we analyzed the association between temperature and SAH incidence. We used 1) SAH incidence data from European population-based studies and 2) mean dai-ly temperature data (from weather stations closest to the corresponding geographical region in which the SAH incidence study was performed) from the ECA database to calculate the IDR and corresponding 95% CI for SAH for each 1°C drop in temperature. 9, 28 The mean temperature during the study period of each population-based study was calculated by the average of all mean daily temperatures during the study period. Missing mean daily temperature values were imputed by using the average of the mean daily temperature values of adjacent days.
results

Influenza Epidemics and SAH in the Netherlands
A total of 18,714 SAH events were registered in the Netherlands between October 1995 and October 2010, with a mean of 1248 events per study year (SD ± 63). During the study period, there was a total of 34,404 influenzalike illness consultations at the sentinel practices, with a mean of 2294 consultations per study year (SD ± 851). Extrapolated to the whole country, this would have been 3.4-4.9 million consultations. The mean incidence of influenza-like illness and the mean number of SAH events per week during the study period, including 95% CI and regression trend lines, are shown in Fig. 2 . The mean incidence of influenza-like illness was 1809/100,000 per study year (SD ± 570). The median duration of epidemic influenza per study year was 9 weeks (range 3-16 weeks), with the beginning of the influenza epidemics varying from early October to the end of February. The IDRs for the association between SAH and epidemic influenza are shown in Table 1 . The IDR of SAH during epidemic influenza was 1.047 (95% CI 1.009-1.087), and after adjustment for study year it was 1.061 (95% CI 1.022-1.101). In the analyses in which the incidence of SAH was analyzed 1-8 successive weeks after an influenza epidemic, there was a gradual decline of the IDR during the weeks following the start of an epidemic.
Mean weekly temperature and Sah in the netherlands
The mean weekly temperature measured at the weather station of the Royal Netherlands Meteorological Institute in the Bilt, Utrecht, the Netherlands between October 1995 and October 2010 was 10.5°C (range -7.4°-24.5°C). The mean weekly temperature and the mean number of SAH events per week during the study period, including 95% CI and regression trend lines, are shown in Fig. 3 . The IDR for the association between SAH and 1°C drop in mean weekly temperature was 1.004 (95% CI 1.002-1.007), and after adjustment for study year it was 1.005 (95% CI 1.003-1.008) ( Table 1) .
Influenza Epidemics, Mean Weekly Temperature, and SAH in the netherlands
The IDRs of the multivariable Poisson regression analyses for the associations among SAH, mean weekly temperature in °C, and influenza epidemics are shown in Fig. 1 . Schematic illustration of the time frame shift analyses. The number of SAH events that occurred within 1-8 successive weeks after the start of the epidemic influenza was used in additional analysis to investigate whether there was a delayed association of epidemic influenza with the incidence of SAH. ISO = International Organization for Standardization. Table 1 . The IDR for the association between SAH and influenza epidemics was 1.021 (95% CI 0.980-1.064) after adjustment for mean weekly temperature, and 1.030 (95% CI 0.989-1.074) after adjustment for mean weekly temperature and study year. The IDR for SAH per 1°C drop in mean weekly temperature was 1.004 (95% CI 1.001-1.006) after adjustment for influenza epidemics, and 1.004 (95% CI 1.002-1.007) after adjustment for influenza epidemics and study year.
european temperature and Sah incidence Data
We included SAH incidence data from 30 European population-based studies, which were included in a previous systematic review. 9 These 30 studies covered 33 study periods and included populations from 12 countries. missing mean daily temperature values). 2, 3, 27, 42, 48, 53 For 1 study with a duration of 3 years, the mean daily temperature values of the first 2 years were used to calculate the mean temperature of the entire study period because of missing values. 7 Study region, midyear of study period, number of patient-years, number of patients with SAH, SAH incidence, weather stations, and mean temperature during the study period for all included studies are shown in Table 2 . The geographical regions per study are shown in Fig. 4 . The IDR for the association between SAH and 1°C drop in mean temperature during the study period was 1.143 (95% CI 1.129-1.157).
Discussion
Our study shows a seasonal pattern in SAH incidence, with an increased SAH incidence during cold temperatures and epidemic influenza. For influenza, the association with SAH incidence gradually declines during the weeks after the start of an influenza epidemic. For temperature, cold temperatures were associated with increased SAH incidence, which was independent of the presence of influenza epidemics. The association between cold temperatures and SAH was confirmed in our analysis of 30 European population-based studies.
Previous studies from different geographical regions described associations between SAH and meteorological factors such as temperature or season, but results are conflicting. 10, 13, 16, 22, 32, 36 These conflicting results may be explained by referral bias or lack of power due to small sample size in single-center or small regional studies, a limited study period, or variety in study definitions (i.e., mean/ maximum/minimum temperature, temperature difference, season, or wind chill). The evidence on recent infection in relation to the incidence of SAH is limited. 14, 24, 30, 52, 58 The results of a Canadian study from the Calgary region were comparable with our findings and showed a small but significant increase in the incidence of SAH during influenza epidemics, with a delay between increased influenza and SAH rates of 0.9 week. 14 A case-control study found that an upper respiratory tract infection was an independent trigger factor for SAH, but this study included only 44 patients. In addition, this study's retrospective design, in which patients were asked if they had infections within 4 weeks prior to hospitalization, might have led to recall bias. 30 A case-crossover study on trigger factors for SAH found a relative risk of 2.4 (95% CI 0.3-16) for flu-like illness during the 24 hours prior to SAH. 58 Two other small case-control studies investigated antibody serum titers of influenza and other viral infections in patients with aneurysmal SAH. 24, 52 The first study showed elevated antibodies against influenza virus in patients with SAH, but the second study could not confirm these results. 24, 52 No study thus far has performed a multivariable analysis to examine the relationship of SAH incidence to influenza and temperature independently.
A growing body of evidence points to a key role of inflammation in the process of aneurysm rupture. 6, 54 Infection with the influenza virus causes an innate immune response that releases proinflammatory mediators, which lead to symptoms within 2 days. 20, 50 Moreover, tumor necrosis factor-a, one of the proinflammatory mediators released after influenza infection, is a key modulator in intracranial aneurysm formation and rupture. 6, 47 Another biological hypothesis for our findings is that cold temperatures cause physiological changes such as increased sympathetic nerve activity and catecholamine release. These changes lead to an increase in blood pressure, 26, 35 which in turn may trigger aneurysm rupture. 58 A strength of our nationwide study is that the catchment area during the study period did not change. Also, the sample size was large because we used nationwide data on the incidence of SAH and influenza-like illness. Moreover, climate differences within the Netherlands are minimal due to the relatively small surface area of approximately 41,500 km 2 . Another strength of our study is the use of reliable and validated registries such as the NIVEL influenza-like illness registry, the Dutch HDR and CDR, and the ECA data set of daily temperature values. 12, 28, 33, 34, 38, 45, 56 Another strength of our study is the analysis, in which we used 1) population-based SAH incidence data from 12 European countries and 2) data on mean daily temperature from the ECA data set, to confirm the association between cold temperature and SAH found in our nationwide analyses. A limitation of the present study may be that we only used daily temperature data from European countries, which might affect the generalizability of our findings to non-European populations. Another limitation of the present study may be that we were not able to use the day of aneurysm rupture in our nationwide data set, but rather used the day of admission or death as a derivate. However, because of the acute onset of symptoms such as severe headache (often the worst headache the patient had ever experienced), loss of consciousness, neurological deficits, or vomiting, the majority of all patients with SAH present to a hospital within 24 hours after rupture. 18 Another limitation is that we were not able to link data on SAH and influenza infection on an individual patient basis. Therefore, we could not adjust for well-established risk factors for SAH such as smoking status and hypertension. Moreover, we could not assess whether a causal relationship exists between occurrence of SAH and the proinflammatory immune response initiated by influenza or the physiological changes in blood pressure caused by cold temperatures. Future studies using individual patient data could shed light on a possible causal relationship between temperature or influenza and SAH.
conclusions
Influenza epidemics and cold temperatures are associated with an increased incidence of SAH. Although the increased incidence of SAH during influenza epidemics and cold temperatures is unlikely to be caused by a single factor, our findings support the hypothesis that inflammation and physiological changes in blood pressure are contributing factors in the pathogenesis of intracranial aneurysm rupture. 
